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e.nd Robinson , Irwin and Symons (1969) studied zooplankton, 
phytoplankton and fish affected by aeration. No studies on 
the effects of aeration specifically on periphyton have been 
found in the literature by the author-to date. 
A. Statement of Problem 
The exnerimental objective was to explore what effects 
aeration might on periphytic growth and development. 
Previous investigators devised aerat and nonaerated 
experimental capab of withstandin$ both summer 
s s gors of er· In this study it 
1·-ras s 
bo 
as a .. 
are dlscuss 
s 
s on 
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commonly 
sms are 
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si ion 
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b en 
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Haney (1954) described aeration as the process whereby 
the water is brought into intimate contact with gas, usually 
air for the purpose of transferring highly volatile sub­
stances to or from the water. He listed two basic types of 
aeration, the waterfall (sprays and cascades) and the 
injection types (bubbles of compressed air passed through 
water). Symons, Irwin and Robeck (1969b) described a third 
method using a mechanical pump to lift bottom waters to be 
released at the surface. 
The theory of aeration and the physiochemical principles 
includ 
dis 
sion 
were re 
on 
by s 
equilibrium (no further change in concentration of 
s s 
ies 
i 
tz 
of time), gas solubility, diffu­
a s-liquid surface ( ) 
(1954). 
injection of d sed 
or reserve • re 
are re d in 
cts 
c• 0 
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used by Newcombe (1950), Castenholz (1960), Sladecek and 
Sladeckova (1963 a,b), Wetzel .(1965), Weber '{'l966),"·Web.er 
and Raschke (1966), and Jackson (1967). The technique for 
dry weight measurements has been varied by Nielson (1953) 
and Kevern, Wilhm and VanDyne (1966) by using temperatures 
of 6o0c and �5°C.respectively. 
Techniques of estimating rates of colonization of peri­
phyton on artificial substrata have been reviewed in detail 
by Newcombe (1950)9 Cooke (1956), Sladeckova (1960)j 
Castenholz (1960), Round (1964)9 King and Ball (1966) and 
P1eczynska
.
(l968). For substrates suspended vertically, 
exposure length of 18 to JO days during the summer to a 
maximum of six weeks in winter were needed to stabilize a 
colony to where new growth was equal to the organic matter 
sloughed offi> 
Under debate by many investigators is whether substrates 
should be suspended vertically or horizonatally. Vertically 
held substrates support more uniform growths according to 
Vollenweider (1969). Newcombe (1950) claimed the loss of 
organic matter from substrates is greater on the vertically 
placed substrates than on the horizontally placed substrates 
being removed f rom water but this was found to be just the 
opposite in river studies by King and Ball (1966). 
Sladeokova (1966) preferred the vertical placement of 
substrates for reasons of convenience in collection, a 
reduction in .the loss of accumulated material on substrates 
being pulled from the water since organisms are attached and 
-6-
not se ed on the slides and also that the vertical place-
ment e light equally available to both sides of the 
substrate. showed that vertically placed su�strates 
were favored by most attached organisms and that vertical 
placement is excellent for studies where it is necessary to 
view what is occurring with periphytic growth at all levels 
from 
states 
ce to the bottom of lakes and reservoirs. She 
horizontally ed ides are good for special 
se and sed tion process studies. 
st 
c 
are 
e 0 
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c on periphytic organisms attached to 
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Another method of aeration was tested in the 20 foot 
e .. erated cylinder from February to April of 1970. An Air­
Aqua System Nodel No. 4245 marrufactured by Hinde Engineering 
Company, Highland Park, Illinois, provided aeration f rom a 
1/12 horsepower oil-less air con1pressor located on the 
floating pontoon laboratory (Fig. 1). The compressor was 
attached to a No. L5 weighted, plastic, valved tubing . The 
r was released through a No. !.�581 • .5-20 we ight ed Air-Aqua 
tube, six feet 1n circurri:ference. The ringed tube had slit 
mass 
de 
• 
of 1/8 1.nch at 1-� inch intei .. vals from 
to 
�IJ·as 
were at 0.8 per 
a coluiun of inches 'V'tide 
created a ri 
• 
l, 1970 tub 
out 
McCARGO LAKE RESEARCH PROJECT* 
State University of New York • College at Brockport 
Fig. 1 
FANCHER CAMPUS 
1967-68 - $37,643 * U.S. DEPT. OF INTE:RtOR 1968-89 _ $19,1 37 GRANT NO. wPo-tao-ot..er TOTAL � ·sii:teo AND NO. WPD-t80.0248 
Floating Laboratory and Aeration Chambers in Winter 
-13-
D. Experimental Design 
Two lO�foot fiber glass cylinders were located approxi­
mately 21 meters (70 f eet ) from the north shore of the lake 
where minimum wa ter depths were never kno'Vv-n to be less than 
3 meters (10 feet ) . Once cylinder was a erated and a second 
served as a control chamber. 
The two 20 foot cylinders were located approximately 
49 (180 ) from the north r�shore at points where 
minimum er d V<rere never known to be ss than 6 
meters (20 
as a 
) . Once cylinder was a 
1 ill Since 
. .  - tee 
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times. 
10 20 foot 
.. 
g. 1. 
aet 
s 
er 
·-
10' 
• lake level 4'1• below the water ·level 
recorder on October 11,1969 1., Open vlater Station 
2 � " 10 foot Aerated Cylinder 
3. lO foot Unaerated Qylinder 
COI\JJP .. 
Uo 20 foot-Aerated Cylinder 
5·. 20 foot Unaerated Cylinder 
XXX Floating Laborator.y 
Fig. lA McCARGO LAKE FANCHER CAMPUS / 
._ _____ _. State University of New York College at Brockport 
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experiments elsewhere by Sladeckova (1964) and King and Ball 
(1966) has shown phytoplankton, zooplankton and debris to 
settle out on the slides in addition to the periphyton. The 
vertical placement of plexiglass strips in Mccargo Lake 
provided a column of substrate to which per1phyton could 
attach from the surface waters ,to the lake bottom. From 
visual observation, the periphyton attached to the strips 
in marked zones. .The zonations will be discussed in greater 
detail latero 
The writer is aware of some confusion being introduced 
by making reference to 10 and 20 foot collecting stations 
and o-4, 4-8, 8-12, 12-16 and 16-20 foot plexiglass slides 
or samples. It should be noted that the biomass samples 
represent a 1.000 square centimeter sample taken from each 
four foot level for reasons already g1venG Referring to 
10 and 20 foot sampling stations is for 1dent1f1oat1on of 
the fiber glass cyl�nders and does not reflect the actual 
depth of water at the point of collection� Mccargo Lake 
level varies over a meter through the year and 1t 1s not 
unusual to have an increase of 20 centimeters in 24 hours. 
Thus, the·arb!trary rule applied herein is to use the Metric 
System for expressing all biological and physical data 
whereas descriptions ot equipment, cylinders and plex1-
I 
glass slides are to be expressed in the English Systemo 
steel drum 
""' 
2 
I \, 
� 
plexiglass 
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haoles 
snaps 
e 
( 
F. 
sure of 
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periphytic growth was removed with a rubber 
scraper and placed in sample bottles . Approximately 
11 centimeters from each end of the plexiglass strips 
were not includ ed in the biomass sample. This resulted 
in a 1 ,000 cm2 area being sampled and facilitated the 
calculation and expression of data. 
From Sept 1969 to January, 1970 only one side 
of the slides "'1as sampled for biomass, the opposite side 
saved species determir1ation and served for later 
• In 1970 ,  a sl d ifference in 
iced on d ifferent 
sides 
l·Tere 
d 
2, 
1, 
.. c 
' 
same s strip s. er both sides 
one 
on 
area. ' omass 
area* 
' 
II> 
0 .5 
bott • Speci e s 
sms c on a 
s lqere ssed 
EiS s was 
, reass 
• 
s 
e s ies 
on 
-21-
January through September, 19?0. Dissolved oxygen measure­
ments using the Winkler method were taken at the surface, 
middle (three meters) and near bottom levels ( six meters) 
for the twenty foot cylinders and open water station from 
February through September 1970. Sampling for dissolved 
oxygen content 1n the 10 foot aera"ted and unaerated stations 
was not followed. 
Relative abundance measurements of specie s were 
est1rr�ted growth on the glass slides with the use of 
the fol 
of a parti 
li 
as 
a 
to 
isms 
<::• 0 
{.;" 
ff 
. 
ec· !Jl)> 
1� 0 
relative abundance scale modified by the 
's (1967}. When periphytic growth 
spe s had been so abund as to not allow 
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A 10 
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ies s given � letter standing 
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again reweighed to obtain an inorganic weight measurement. 
Ash-free dry weight or organic weight is the weight of the 
material lost upon ignition. It is equal to the dry weight 
minus inorganic weighto Inorganic weight is the weight of 
the biomass with the organics burned off. Dry weight is 
equal to the inorganic plus organic weight minus water. 
A statement made in Sladecek and Sladeckova•s work 
(196Jb) that while ash-free dry weight is generally consi-
dered to be the most precise expression of organic matterp 
it is rarely used because of the time element involved in 
obtaining it� Therefore, for this investigation� ash-free 
dry weights were obtained to give the most reliable index of 
periphyton biomass� Jackson (1967)9 Sladeckova (1964), 
Wetzel (1963)p Ne�combe (1950) and Nielson (1953) are 
several investigators that have attempted the use of ash­
free dry weights in measuring organic matter accrued on 
artificial substrates. A question arises as to whether a 
l05°C temperature �o obtain dry weight measurements burns 
off many of the lower ignition inorganic elements� A study 
concerning the amount of difference between periphytic 
organisms oven dried (105°C) or air dried has been made by 
Sladecek and Sladeckova (1963b) showed both .Yalues practi-· 
cally identical and the use of either is satisfactory since 
\ 
the coefficient of correlation had a r = 0.987 value indica-
ting a high degree of similarity between air dry and oven 
dry weightu Wetzel (1965)o states oven dry weight (10)°C) 
is the most straight forward method of quantifying biomasse 
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III. RESULTS 
A. Per1phyton Organisms Encountered 
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1 Phyco-periphyton organisms common to all 
st ations (20 foot a erated, unaerated and open water ) 
Actina 
.Ank1stx·odesmus 
Anhanochaet e 
Botryococcus 
Chlarnyd orr,onas 
Chlorel 
Coe 
Col 
orbi cu.Lr:trl s 
a 
Clost erium 
moniliferum 
Dictyosphaerium 
Euoorina 
Nicrospora 
rv:ou g e otia 
Nephrocytium 
Oedo,cr:onium 
Proto coccus 
Scenedesmus 
Schroederia 
an cora 
setigera. 
Sphaeroeystis 
Spirop:yra 
Staurastrurn 
St1geoclon1um 
polymornhum 
subsecundum 
Rhizoclonium 
Tet:raspora 
Uloth:r·ix 
Uronema 
sum 
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2 Phyco-periphyton organisms not common to 
all stat tons (.20 foot aerated, unaerated and open "'rater) 
Cladophora 
Closterium venus 
augustata 
rum 
p·anteus 
cum 
is 
or 
":! Total m..:tlnber of each month in the 20 foot open aerated and unaerated ...) 
1970 NeH York .. 
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between this zone -and the next were 
d ifficult to establish. 
5. Bottom zone, influenced by the decomposition 
processes occurring in the sediments had 
bacteria usually most abundant and where 
enough oxygen had allowed their development 
larger benthic orFanisms. If iron bacteria 
were nre and a H2s smell was detected 
c layer was 1cated. Iron 
and branched filaments were 
the summer and were rusty bro�m in 
colore A lso were black precipitates of 
ferrous sulfide." 
The c organisms on the plexiglass sl ides in 
the open 20 foot unaerated cylinder in McCargo 
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zone was not evident. The filamentous greens disappeared 
with the cold temperatures and ice cover making it unsuit­
able for thei r existence, whereas the ·diatoms were found in 
relatively equal numbers throughout all levels down to as 
much as 5.5 meters in February. 
Below the filamentous green and diatom zones for May 
through October in the 20 :foot open water and unaerated 
stations , an unusual blue-green zone appeared . It was 
present in the open water station through the entire year 
but occurred in July through October in the unaerated 
station. For an ,interesting point, the appearance of the 
blue-green zone in the unaerated station occurs simultane-
ously with populations* The beginning of the 
and decreases in dissolved oxygen of �cCargo 
occurred simultaneously with the appearance 
of this zone ( • 2A, 12 and 13). The blue-
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of ferrous sulfide were found along with the H2s smell 
indicating an anaerobic layer. McCargo Lake waters at the 
six meter level during June through September have as high 
as 30 ppm of H2S (Claffey, 1967) and are usually lacking 
dissolved oxygen making the lo1-ver levels anaerobic. The 
composition of this black substance may therefore be 
ferrous sulfide. Sulphur and iron bacteria described by 
Sladeckova (1963) her on numerous reservoirs 
were also 
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One exception would be the presence of a narrow blue-green 
zone varying in length that occurred at the three to five 
meter level . 
In the 20 foot aerated station, no such black or blue -
green zone is observed in the lower levels. A green zone is 
located at the surface to 2.5 meter level with a thicker 
matting and larger relative quantity of the same organisms 
than at either the 20 foot open water or unaerated stat�on . 
The brown diatom-protozoan zone also occurs with greater 
relative quanti es. 
Visual observation of the relative number of �ydra 
.from July through October, revealed an abundant number at 
the four to six meter levels and fewer numbers at the two 
to four levels in the 20 foot aerated cylinder (Fig. 
2A). 
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Fig. 2A Zonations of periphytic organisms for the 20 foot aerated, unaerated and open uater station 
from September 1969 through August 19 70 in McCargo Lake, Fancher, Neu York. 
Filaments of green - many Chlorophyta Blue-greens - Microcystis, 
Oscillatoria rubescens 
Black spherical dots 
Diatoms � 
vz- z/XlOQ1-� Hydra  Very abundant 
20-A - 20 foot Aerated Cylinder 
0-4 
4-8 
8-12 
feet 
feet 
feet 
20 UA - 20 foot Unaerated Cylinder OW - Open Water Station 


















































































































